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(64) ON-VEHICLE SOUND FIELD CORRECTOR 
(57)Abstract: 

PURPOSE: To provide an on-vehicle sound field corrector which can correct the 
sound field of the car room space to the optimum condition in correspondence to 
the number of the passengers in the car room or the change of the boarding 
position. 

CONSTITUTION: In an on-vehicle sound field corrector equipped with an FIR 
filter arithmetic part 10 for correction to convert the amplitude and phase 
characteristics of an digital audio input signal, a filter coefficient storing part 2 to 
store plural kinds of the filter coefficients of the FIR filter arithmetic part 10 for 
correction, a selecting means 3 to select one kind of the filter coefficient in 
correspondence to the seating condition of the passengers in the car room out of 



the filter coefficients stored in the filter coefficient storing part 2, and a filter 
coefficient replacing means 1 to replace the filter coefficient selected by the 
selecting means 3 with the filter coefficient of an FIR digital filter are provided. By 
the FIR digital filter to replace the filter coefficients, the correction to form the 
optimum sound field under the seating condition is performed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the sound field compensator for mount equipped with the FIR filter 
operation part for amendment which changes the amplitude and the phase 
characteristic of a digital audio input signal The filter factor storage section which 
memorizes two or more kinds of filter factors of the FIR digital filter of said FIR 
filter operation part for amendment, A selection means to choose the filter factor 
corresponding to the taking-a-seat situation of the passenger of the vehicle 
interior of a room from the filter factors memorized by said filter factor storage 
section, The sound field compensator for mount characterized by providing a 
filter factor exchange means to replace with the filter factor of said FIR digital 
filter the filter coefficient which said selection means chose. 
[Claim 2] The sound field compensator for mount according to claim 1 
characterized by providing a taking-a-seat judging means to judge automatically 
the taking-a-seat situation of the passenger of said vehicle interior of a room, 
and performing selection of said selection means according to the signal of said 
taking-a-seat judging means. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the sound field connpensator for 
mount which amends the sound field which the voice output of the loudspeaker 
prepared in the vehicle interior of a room forms. 
[0002] 

[Description of the Prior Art] the vehicle interior of a room, such as an automobile, 
it is, and when hearing the music outputted from two or more loudspeakers, 
depending on the location where a listening person sits down, an unsymmetrical 
sound can be heard from a loudspeaker on either side. It is the phenomenon 
produced to a listening person since it is right-and-left asymmetry, and if the 
sound field in which this is formed of the voice output of a loudspeaker amend 
this sound field so that it may become bilateral symmetry to a listening person, 
they can correct the imbalance of a sound on either side. 

[0003] Thus, as equipment used for setting out of correction of sound field, or 
favorite sound field, the sound field compensator is known and the example is 
indicated by JP,2-161900,A. This equipment is amended in the gestalt which 
wishes the sound field which a loudspeaker forms by changing into a desired 



property the amplitude and the phase characteristic of the audio signal inputted 
into a loudspeaker. 

[0004] As an example of the conventional sound field compensator for mount, as 
shown in drawing 3 , with the equipment corresponding to the system, a left 
channel and a right channel, of two channels, it has the input terminals 1 1 and 
21 which input the digital audio signal of each channel, the output terminals 12 
and 22 which output the amended digital audio signal, and the FIR (form where it 
does not go round) filter operation part 10 for amendment which forms an 
amendment digital audio signal. 

[0005] Furthermore, the FIR filter operation part 10 for amendment is equipped 
with four FIR digital filters 13, 14, 23, and 24 for amendment whose transfer 
functions are CI, Cr, Tl, or Tr, the adder 15 with which a transfer function adds 
the output of each FIR digital filters 14 and 23 of Tl and Cr, and the adder 25 with 
which a transfer function adds the output of each FIR digital filters 24 and 13 of 
Tr and CI. 

[0006] This FIR digital filter is constituted by the combination of a delay machine, 
the multiplier which carries out the multiplication of the multipliers (filter factor) 
aO-an, and an adder as shown in drawing 6 , and Input x is changed into the 
output y from which the amplitude and a phase changed by passing along this 
digital filter. 



[0007] If actuation of this sound field compensator for nnount is explained, as for 
the digital audio signal of a left channel, the amplitude and a phase characteristic 
will be changed for a transfer function by the FIR digital filters 13 and 14 of CI 
and Tl, and, on the other hand, as for the digital audio signal of a right channel, 
the amplitude and a phase characteristic will be changed for a transfer function 
by the FIR digital filters 23 and 24 of Cr and Tr. 

[0008] Subsequently, the digital audio signal and transfer function from which 
the transfer function was changed by the FIR digital filter 14 of Tl are changed by 
the FIR digital filter 23 of Cr, and a digital audio signal is added with an adder 15. 
While has desired amplitude and phase characteristic, and a digital audio output 
signal is formed. Moreover, the digital audio signal from which the transfer 
function was changed by the FIR digital filter 24 of Tr, and the digital audio signal 
from which the transfer function was changed by the FIR digital filter 13 of CI are 
added with an adder 25. The digital audio output signal of another side which 
has desired amplitude and phase characteristic is formed. 
[0009] As shown in drawing 4 , after two digital audio signals outputted from the 
output terminals 12 and 22 of this sound field compensator for mount are 
changed into an analog signal by D/A converters 41 and 51 and pass along LPF 
42 and 52 for aliasing prevention, they are amplified with amplifier 43 and 53 and 
are outputted to the vehicle room space 30 from loudspeakers 44 and 54. The 



amplitude and a phase characteristic are changed by the transfer function of the 
vehicle room space 30, and the voice outputted from loudspeakers 44 and 54 
reaches a listening person's lug. 

[0010] The transfer function of the FIR digital filters 13, 14, 23, and 24 for 
amendment in this sound field compensator for mount is called for as follows. 
[0011] The dummy head microphone 40 is installed in the vehicle room space 
(sound field for amendment) 30 shown in drawing 4 , and the sound signal from 
loudspeakers 44 and 54 is measured. It is [Equation 1] about the transfer 
function from the input of D/A converters 41 and 51 to the output of the dummy 
head microphone 40. 



It expresses and is [Equation 2] about the transfer function of the sound field 
compensator 6 for mount. 
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It is [Equation 3] about the output of the dummy head microphone 40 which 
expressed and was put on the vehicle room space 30. 



It expresses and is [Equation 4] about an input signal. 

-(:;) 

It is [Equation 5] when expressed. 

[0012] On the other hand, as shown in drawing 5 , the desired sound field 50 are 
set up, and it is [Equation 6] about the transfer function from the input of D/A 
converters 41 and 51 at that time to the output of the dummy head microphone 



40. 




It expresses and is [Equation 7] about the output of the dummy head 
microphone 40 at that time. 



It is [Equation 8] when expressed. 

[0013] Then, it is [Equation 9] about the transfer function of the sound field 
compensator 6 for mount. 

The transfer function which includes the sound field compensator 6 for mount in 

the vehicle room space 30 when it was alike and being set up is [Equation 10]. 
E/I-H-A-H-H »-K-P/I 

It can be made in agreement with the transfer function of a next door and the 
desired sound field 50. 

[0014] Therefore, the transfer function of the sound field compensator 6 for 
mount is called for by calculating (several 9). However, the element of each 
matrix is an expression in a frequency domain. 

[0015] Thus, also in the conventional sound field compensator for mount, the 
sound field suitable for the listening person who sits on vehicle room space can 
be formed by setting it as the value which asked for the transfer function of the 



FIR digital filter for amendment by the upper count. Moreover, it can ask for a 
transfer function with which each seat serves as [ an about / eight piece ] proper 
sound field in the number of loudspeakers an increase and when [ both ] it 
carries out. 
[0016] 

[Problem(s) to be Solved by the Invention] However, in the conventional sound 
field compensator for mount, since the transfer function of the FIR digital filter for 
amendment is being fixed, it has the following troubles. 

[0017] The 1st trouble is a point that the optimal sound field corresponding to the 
number of passengers or a boarding location cannot be formed, in order for the 
transfer function of vehicle room space itself to change when a passenger's 
vehicle indoor manpower or boarding location changes even if setting out of a 
transfer function with which each seat of the vehicle interior of a room serves as 
proper sound field is made In the conventional sound field compensator for 
mount. 

[0018] Moreover, although the effective sound field amendment of it will be 
attained if the 2nd trouble sets up the transfer function of all the FIR digital filters 
for amendment so that only a passenger's seat may serve as optimal sound field 
when a passenger is a fraction, it is a point that amendment of the sound field 
corresponding to change of such a seat location cannot be performed, in the 



conventional sound field compensator for mount to which the transfer function is 
being fixed. 

[0019] This invention aims at offer of the sound field compensator for mount 
which can amend the sound field of vehicle room space in the optimal condition 
corresponding to this change, also when these troubles are solved and the 
number of passengers or boarding location of the vehicle interior of a room 
changes. . 
[0020] 

[Means for Solving the Problem] Then, it sets to the sound field compensator for 
mount equipped with the FIR filter operation part for amendment which changes 
the amplitude and the phase characteristic of a digital audio input signal in this 
invention. The filter factor storage section which memorizes two or more kinds of 
filter factors of the FIR digital filter of the FIR filter operation part for amendment, 
A selection means to choose the filter factor corresponding to the taking-a-seat 
situation of the passenger of the vehicle interior of a room from the filter factors 
memorized by the filter factor storage section, A filter factor exchange means to 
replace with the filter factor of an FIR digital filter the filter coefficient which the 
selection means chose is established. 

[0021] Moreover, in said sound field compensator for mount, a taking-a-seat 
judging means to judge automatically the taking-a-seat situation of the 



passenger of the vehicle interior of a room is established, and selection of said 
selection nneans constitutes according to the signal of the taking-a-seat judging 
means for it to be carried out. 
[0022] 

[Function] Therefore, in the sound field compensator for mount of this invention, 
the transfer function of the FIR digital filter for amendment is changed into the 
transfer function which forms the optimal sound field under the taking-a-seat 
situation by changing the filter coefficient of the FIR digital filter for amendment 
corresponding to the taking-a-seat situation of the passenger of the vehicle 
interior of a room. 

[0023] Therefore, even when change arises in the transfer function of vehicle 
room space with change of the number of passengers, or a boarding location, it 
can amend to the optimal sound field by selecting the transfer function of the FIR 
digital filter for amendment according to it. 

[0024] Moreover, when a passenger is a fraction, the transfer function of the FIR 
digital filter for amendment can be selected so that sound field amendment may 
be performed only for a passenger's seat Since the FIR digital filter for 
amendment currently used for sound field amendment of other seats can also be 
used for sound field amendment of the target seat in such sound field 
amendment, amendment which forms the optimal sound field to a passenger's 



seat is attained. 
[0025] 

[Example] (The 1st example) If the alternative corresponding to the number of 
passengers of the vehicle interior of a room and the situation of a boarding 
location is chosen through a selection means, the vehicle interior of a room 
consists of sound field compensators for mount of the 1st example so that it may 
be amended by the optimal sound field under the situation. 
[0026] This sound field compensator for mount is equipped with the FIR filter 
operation part 10 for amendment possessing the input terminals 11 and 21 and 
output terminals 12, 22, and 32 of a digital audio signal, the filter coefficient 
selecting switch 3 which is a selection means, the filter factor exchange machine 
1 for which the filter factor of the FIR digital filter for amendment is exchanged 
according to the alternative of a selection means, and the filter factor storage 
section 2 which memorizes two or more kinds of filter factors as shown in 
drawing 1 . 

[0027] The internal configuration of the FIR filter operation part 10 for 
amendment and Its function are the same as the conventional equipment shown 
in drawing 3 , and with the transfer function of this operation part, the digital 
audio signal inputted from input terminals 1 1 and 21 is changed into the signal of 
a desired amplitude and phase characteristic, and they output it from output 



terminals 12, 22, and 32. 

[0028] On the other hand, the filter coefficient selecting switch 3 is equipped with 
the switch of the class corresponding to each situation of the number of 
passengers of the vehicle interior of a room, and a boarding location. 
[0029] Moreover, the filter factor storage section 2 has memorized the filter 
factor which forms the optimal sound field in each situation of the number of 
passengers of the vehicle interior of a room, and a boarding location. The value 
corresponding to the taking-a-seat situation of the passenger of the vehicle 
interior of a room is beforehand calculated by the calculation approach which 
explained this filter factor previously. 

[0030] Next, actuation of the sound field compensator for mount of the 1st 
example is explained. 

[0031] If one of the filter coefficient selecting switches 3 is depressed, the class 
of depressed switch will be notified to the filter factor exchange machine 1. 
Among two or more filter coefficients memorized by the filter factor storage 
section 2, the filter factor exchange machine 1 reads one kind corresponding to 
the class of notified switch, and replaces [ from ] it with the filter factor of the FIR 
digital filter of the FIR filter operation part 10 for amendment. 
[0032] Consequently, in the FIR filter operation part 10 for amendment, with the 
transfer function by which the filter coefficient was replaced, the amplitude and 



the phase characteristic of a digital audio input signal are changed, and it 
outputs from output terminals 12, 22, and 32. 

[0033] In this way, if the selecting switch according to the taking-a-seat situation 
of the passenger of the vehicle interior of a room is depressed, the sound field 
compensator for mount will amend so that the optimal sound field under the 
situation may be formed in the vehicle interior of a room. 

[0034] (The 2nd example) The number of passengers of the vehicle interior of a 
room and the situation of a boarding location are judged automatically, and 
based on the information on the judgment, it consists of sound field 
compensators for mount of the 2nd example so that the vehicle interior of a room 
may be amended by the optimal sound field. 

[0035] This sound field compensator for mount equips with the taking-a-seat 
judging means 4 and the filter factor selection means 5 instead the filter 
coefficient selecting switch 3 which the equipment ( drawing 1 ) of the 1st 
example possesses, as shown in drawing 2 . 

[0036] This taking-a-seat judging means 4 judges automatically how many 
persons are sitting on which seat of the vehicle interior of a room, outputs that 
information signal, and can perform that judgment by detecting attachment and 
detachment of a seat belt for example. 

[0037] Moreover, the filter factor selection means 5 inputs into the filter factor 



exchange machine 1 the signal which chooses one kind of the filter factor 
memorized by the filter factor storage section 2 in response to the output signal 
of the taking-a-seat judging means 4. Other actuation is the same as the 
equipment of the 1st example. 

[0038] Thus, in the sound field compensator for mount of the 2nd example, a 
passenger's vehicle indoor taking-a-seat situation is judged automatically, and 
amendment of sound field is performed so that the optimal sound field under the 
situation may be formed. 
[0039] 

[Effect of the Invention] Also when the number of passengers of the vehicle 
interior of a room fluctuates or the location where a passenger sits down is 
changed, with the sound field compensator for mount of this invention, it can 
amend to the optimal sound field corresponding to them by replacing the filter 
factor of an FIR digital filter, so that clearly from explanation of the above 
example. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram of the sound field compensator for mount of the 



1st example of this invention, 

[Drawing 2] The block diagrann of the sound field compensator for mount of the 
2nd example of this invention, 

[Drawing 3] The block diagram of the conventional sound field compensator for 
mount, 

[Drawing 4] Drawing explaining the transfer function in the sound field for 
amendment, 

[Drawing 5] Drawing explaining the transfer function in desired sound field, 
[Drawing 6] It is drawing explaining the configuration of a digital filter. 
[Description of Notations] 

1 Filter Factor Exchange Machine 

2 Filter Factor Storage Section 

3 Filter Coefficient Selecting Switch 

4 Taking-a-Seat Judging Means 

5 Filter Factor Selection Means 

6 Sound Field Compensator for Mount 

10 FIR Filter Operation Part for Amendment 

1 1 21 Digital audio signal input terminal 

12, 22, 32 Digital audio signal output terminal 

13. 23, 14, 24 FIR digital filter for amendment 



15 25 Adder 

30 Vehicle Room Space 

40 Dummy Head Microphone 

41 51 D/A converter 

42 52 LPF 

43 53 Amplifier 

44 54 Loudspeaker 

50 Desired Sound Field 



